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Method and Apparatus for a High Output Sensor System 

CROSS REFERENCE TO RELATED APPLICATIONS 

[0001] The present application is related to and claims the benefit, under 35 U.S.C. 
§ 1 19, of U.S. Provisional Patent Application Serial No. not yet assigned, filed 14 January 2004, 
which is expressly incorporated fully herein by reference. 

FIELD OF THE INVENTION 

[0002] The present invention relates to the field of motion/movement sensors, 
detectors, and/or monitors, as well as other types of sensors. In particular, the present 
invention may provide, for example, a large pulsed output voltage in response to very low (or 
slow) sensed movement or environment changes, such as, temperature, pressure, and energy. 
The present invention relates, for example, to other available sensors and may provide an 
output high enough to turn on related processing circuitry from an "OFF" state. The present 
invention relates, among other things, to sensing various events via, for example, axially 
poled homopolymer polyvinyladine fluoride (PVDF) or other piezoelectric materials. 

BACKGROUND OF THE INVENTION 

[0003] Presently, there are certain devices available that use piezoelectric active 
materials to sense various events. Energy pulses from these devices are generally very low in 
voltage and require the monitoring circuit to be in an "ON" state, generally incorporating an 
amplifier to allow the circuit to recognize a sensed event. Previous devices for sensing use a 
significant amount of continuous energy (quiescent current). 

[0004] Numerous piezoelectric sensors exist. In general, these sensors fall into two 
overlapping categories. They either require an amplifier to boost the signal from the 
piezoelectric material, or require a bias signal from which the piezoelectric material's signal 
subtracts or adds. Each of these techniques requires that the sensor be "ON," drawing current 
at all times. Thus, a need exists for a sensor that can avoid the use of an amplifier or a bias 
signal. 



[0005] Because a piezoelectric event generally produces only small amounts of 
energy, the detection of low frequency events has previously required significant 
amplification. Thus, a need exists for a sensor that can detect low frequency events without 
the aid of amplification. 

SUMMARY OF THE INVENTION 

[0006] The present invention may relate, for example, to using an unassisted 
piezoelectric device as a sensor, monitor or detector. In comparison to the prior art, the 
present invention may allow, for example, a significantly larger voltage pulse to be sent to the 
monitor circuitry, large enough to be used to switch the entire circuit from an "OFF" state to 
an "ON" state, thereby cutting quiescent current usage to extremely low levels and allowing 
the use of significantly smaller sensor power systems. The output of the sensor of the present 
invention may, for example, be used to turn "ON" the sensor circuit from an "OFF" state. 
The present invention may also relate to a sensing device that allows the use of non-amplified 
sensor output signals in a monitoring circuit in the "ON" state, to be recognized when the 
sensor is in an "OFF" state. This may be accomplished regardless of the polarity of the 
signals, and may be accomplished by the beneficial effect of stacking available sensor 
element outputs and using the summed output to turn "ON" a switching device. The 
switching device may then turn "ON" the entire monitoring circuit. 

[0007] Sensing can be accomplished with, and is not limited to, positive or negative 
changes of the following energy types: thermal; visible light, including infrared or 
ultraviolet; mechanical motion or impact; triboelectric, including airflow or physical contact; 
acceleration; and radio frequency (RF) electromagnetic energy, regardless of specific 
frequency. The elements of various embodiments of this invention potentially include, for 
example, size of piezoelectric material, mechanical mounting and coupling of piezoelectric 
material, energy translation into useful pulses at required voltage levels, regulation (voltage 
or current), and filtering (if necessary), each of which may, for example, be tuned to fit or 
combine with required outputs in any specific event to be sensed. 

[0008] There may be significant advantages to stacking low frequency or low voltage 
sensor outputs. For example, stacking low frequency or low voltage sensor outputs allows 
the use of local sensor events (positive or negative) that were previously not of sufficient 
charge value or voltage levels to be useable in even the lowest voltage circuitry without 
amplification. 
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[0009] Another advantage of the present invention may be that the present invention 
may be adapted to operate when supplied with relatively small amounts of energy. An 
example energy source for this invention includes longitudinal stretch motion relative to the 
object on which an embodiment of the present invention may be mounted. This stretch may 
supply energy for longitudinal movements as small as 1.5 ym. Furthermore, in applications 
based on temperature change, the charge stacking characteristic of the present invention may 
output pulses based on a relatively small temperature change. In a stacked element array, the 
temperature change may be the same for all elements. For example, in a five-element stack, a 
0.2° Celsius (one fifth degree) change may produce an approximate 8 volt open circuit output 
pulse. Thus, in an "n" element stack, a 1/n Celsius change may produce an 8 volt open 
circuit output pulse. 

[0010] An object of an embodiment of the present invention is to provide a sensing 
device that may be optimized for almost any event. It is another object of an embodiment of 
the present invention to provide a sensing device for robotic feeling. The present invention 
may be useful in robotic feeling applications because the sensor does not require energy to be 
expended when there is no sensation present. Additionally, the present invention may be 
capable of detecting very small or low frequency events. This detection capability may be 
useful for robotic tactile or other sensors for use in handling delicate or otherwise complex 
situations. 

[0011] One embodiment of the present invention may be an apparatus for use as a 
sensor including a plurality of stacked piezoelectric elements, a rectification block on an 
output of each of the elements, and a plurality of capacitors arranged to accumulate charge 
from the rectification blocks. Moreover, in certain embodiments, a switching device may be 
connected to an output of the plurality of capacitors. Although the invention is described in 
terms of the use of capacitors, the invention may, for example, be implemented by other 
circuit components that have inherent capacitance. Thus, any element that has a useful 
capacitance may be considered a capacitive element. 

[0012] In a particular embodiment of the present invention, the rectification block 
may be a full-wave rectification block or a half-wave rectification block. The apparatus may 
include two or more stacked piezoelectric elements. Moreover, in a further embodiment of 
the present invention, the apparatus may further include a signal phase delay element (such 
as, for example, an inductor) provided between the rectification blocks and the capacitors. In 
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another particular embodiment of the present invention, the switch device may comprise a 
transistor or group of transistors. 

[0013] The apparatus may be optimized to detect, monitor and/or sense changes in 
position of an item or structure upon which it is mounted. A door or window may be 
examples of such structures. Should the door or window be moved even slightly, the sensor 
of an embodiment of the present invention may provide an output. An appropriate angle to 
mount an embodiment of the present invention to the surface of the item or structure being 
monitored may be approximately perpendicular or approximately 90 degrees to the plane of 
movement to be monitored. 

[0014] The apparatus of an embodiment of the present invention may be optimized 
for detecting, monitoring and/or sensing changes in position of an item or structure that it is 
placed upon it. Any item or structure that is placed upon the sensor of an embodiment of the 
present invention may provide a preload of the device that will be changed if the item or 
structure is moved from the initial position. An example of such an item to be monitored is a 
museum antiquity. If the antiquity is moved, the sensor may provide a desired output. The 
sensor of this embodiment of the present invention may also be configured to avoid certain 
forms of detection. For example, devices that constantly draw current may emit undesired 
electromagnetic radiation. This electromagnetic radiation can be "seen" by a variety of 
sensors. However, certain embodiments of the present invention may avoid such detection 
by not drawing any current (or drawing mere nanoamps) in an untriggered state, thus making 
detection less likely. 

[0015] An embodiment of the present invention may also be optimized for detecting 
changes in position from gravitational effects on a structure rotating at an angle to the surface 
of a significant gravity source. A wheel is an example of a structure that may be the target 
for detection of changes in position by an embodiment of the present invention. An 
appropriate angle to the surface for this embodiment may be approximately perpendicular, or 
approximately 90 degrees. Such an angle may provide the maximum amount of change in 
position in relation to the gravity plane. In general, if other angles are used, the useful 
component for measuring may be the component perpendicular to the surface of the gravity 
source. Significant gravity sources may include the earth, the moon, an asteroid, or other 
bodies significantly larger than the target. 

[0016] The apparatus of an embodiment of the present invention may also be 
optimized to measure or detect changes in frequency or amplitude from a human or other 
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animal heartbeat. The apparatus may alternatively be optimized for changes in energy 
available and/or detectable from local electrical fields. In another embodiment, the apparatus 
of the present invention may be optimized to detect, sense, or monitor changes in frequency 
or amplitude available from low power sound or ultrasound energy. In yet another 
embodiment, an apparatus of the present invention may be optimized for detecting, sensing, 
or monitoring changes in frequency or amplitude available from RF spectrum energy fields. 
In another embodiment, the apparatus of the present invention may be optimized to monitor, 
detect or sense changes in magnetic fields. Additionally, the apparatus may be optimized to 
monitor, detect or sense very low frequency energy, down to, for example, the limit of any 
particular piezoelectric material. This limit for DT-1 type material from Measurement 
Specialties Incorporated, for example, is believed to be approximately .001 Hz. 

[0017] In certain embodiments of the present invention, the apparatus may 
incorporate circuit board technology. For example, the rectification blocks may be 
implemented in a circuit board. In such an embodiment, the device's capacitive, resistive (if 
any), or inductive elements may be part of the circuit board or traces upon the circuit board, 
rather than discrete components. Additionally, inductors may be incorporated in certain 
embodiments. These may be particularly useful in adjusting the phase of the energy from 
each element in the stack and may aid in preventing the output of one element from canceling 
a portion of the output from another element. 

[0018] Another embodiment of the present invention may include a method of 
manufacturing a sensor including, for example, the steps of arranging a plurality of 
piezoelectric elements into a stack, connecting a rectification block on an output of each of 
the elements, and arranging a plurality of capacitors to accumulate charge from the 
rectification blocks. A further embodiment of the present invention may include, for 
example, the step of connecting a switching device to an output of the plurality of capacitors. 
In a particular embodiment of the present invention, the step of arranging may include 
providing said plurality of piezoelectric elements arranged in a stack according to size. 

[0019] It is understood that both the foregoing general description and the following 
detailed description are exemplary and explanatory only and are not restrictive of the 
invention as claimed. The accompanying drawings illustrating an embodiment of the 
invention together with the description serve to explain the principles of the invention. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] Figure 1 is a schematic diagram of a five-element stack within an embodiment 
of the present invention. 

[0021] Figures 2A and 2B are schematic diagrams of FET Ground Switching 
embodiments of the present invention. 

[0022] Figures 3 A, 3B, and 3C are schematic diagrams of FET Power Switching 
embodiments of the present invention. 

[0023] Figures 4A and 4B are schematic diagrams of Relay Power Switching 
embodiments of the invention. 

[0024] Figures 5A and 5B are examples of motion/movement sensing embodiments 
of the invention including a sensor mounted on an object to sense movement. 

[0025] Figure 6 is a drawing of an example of motion/movement sensing by an 
embodiment of the invention including a sensor placed below an object to sense movement of 
the object in relation to the sensor. 

[0026] Figures 7 A, 7B, and 7C are a mechanical drawing of a five-element stack, one 
type of physical PVDF layout of and embodiment of the present invention. 

[0027] Figures 8A and 8B are layouts depicting a charge device of an embodiment of 
the present invention optimized for sensing positional change mounted on a wheel at 90° to 
the surface of the earth or other significant mass (planets, moons, asteroids, etc.). 

[0028] Figure 9 is a diagram of sine wave type energy stacking of an embodiment of 
the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

[0029] It is to be understood that the present invention is not limited to the particular 
methodology, compounds, materials, manufacturing techniques, uses, and applications, 
described herein, as these may vary. It is also to be understood that the terminology used 
herein is used for the purpose of describing particular embodiments only, and is not intended 
to limit the scope of the present invention. It must be noted that as used herein and in the 
appended claims, the singular forms "a," "an," and "the" include the plural reference unless 
the context clearly dictates otherwise. Thus, for example, a reference to "an element" is a 
reference to one or more elements and includes equivalents thereof known to those skilled in 
the art. Similarly, for another example, a reference to "a step" or "a means" is a reference to 
one or more steps or means and may include sub-steps and subservient means. All 
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conjunctions used are to be understood in the most inclusive sense possible. Thus, the word 
"or" should be understood as having the definition of a logical "or" rather than that of a 
logical "exclusive or" unless the context clearly necessitates otherwise. Structures described 
herein are to be understood also to refer to functional equivalents of such structures. 
Language that may be construed to express approximation should be so understood unless the 
context clearly dictates otherwise. 

[0030] Unless defined otherwise, all technical and scientific terms used herein have 
the same meanings as commonly understood by one of ordinary skill in the art to which this 
invention belongs. Preferred methods, techniques, devices, and materials are described, 
although any methods, techniques, devices, or materials similar or equivalent to those 
described herein may be used in the practice or testing of the present invention. Structures 
described herein are to be understood also to refer to functional equivalents of such 
structures. All references cited herein are incorporated by reference herein in their entirety. 

[0031] As described in this specification, applied force is shown as being in the same 
general direction and magnitude to each element. The type of force is immaterial to this 
explanation and thus a generic force vector will be used. Cases involving a different force 
applied versus film area or changes in force direction may readily be inferred from this case 
by an ordinarily skilled artisan. Small variables due to discrete component characteristics are 
not shown as specific component values because they can vary; and further because, although 
this may optimize performance, it does not affect primary performance. 

[0032] In general, force applied to a PVDF film may cause longitudinal motion of at 
least a portion of the film. This longitudinal displacement of a portion of the film can 
generate a voltage output. The magnitude of the voltage output depends, for example, on the 
force applied, the physical dimension of the PVDF film, and the capacitance of the film. The 
PVDF film may be coated with a conductive surface to remove Coulombs of charge. In 
another embodiment, the PVDF film may be in contact with a conductor to remove charge. 
This process may be reversible, thus, for example, voltage applied to a conductively coated 
PVDF film surface may cause physical motion in the film. In axially poled PVDF, most of 
such voltage induced movement may be in the longitudinal direction. Typically only about 
1/1000 of the movement will be in any other direction. PVDF film that may be used in 
accordance with the present invention may be such film as DT-1 film from Measurement 
Specialties Incorporated. 
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[0033] Figure 1 is a circuit diagram of an embodiment of the present invention. The 
diagram illustrates one way in which five piezoelectric elements 150 may be electrically 
connected together. Although the piezoelectric elements 150 are similar to each other, they 
are not identical. The segments of piezoelectric material 130 may be of increasing size and 
the capacitors 140 may be selected to correspond to the particular segment of piezoelectric 
material 130. An example of such an arrangement is described in Figures 7 A, 7B, and 7C, 
which is further described below. Referring again to Figure 1, each piezoelectric element 150 
may include a bridge rectifier 120. The bridge rectifier 120 may, for example, be a full- wave 
rectifier including four diodes 110. The bridge rectifier 120 may be connected to the 
piezoelectric material 130, and may be connected to a capacitor 140. A stacked array of 
piezoelectric elements 150 may be connected electrically by connecting their capacitors 140 
in series. One terminal of one of the capacitors 140 may be provided as a sensor output 170, 
and another may be connected to ground 160. It may be observed that a four element stack 
may be created by removing the connection between the bottommost piezoelectric element 
150 and instead connecting directly to ground. 

[0034] Figures 2A and 2B provide two examples of ground switching applications of 
the present invention: a single pulse diagram in Figure 2A, and a latched power diagram in 
Figure 2B. In one embodiment, as shown, for example, in Figure 2 A, the sensor output 170 
may be connected to the gate of an N Channel FET 210. The source of the N Channel FET 
210 may be connected to ground 160. The drain of the N Channel FET 210 may be 
connected to monitor circuit ground 240. A battery 220 may provide a voltage differential 
between monitor circuit power 230 and ground 160. Thus, a sensor high pulse from the 
sensor output 170 may apply the monitor circuit ground for the pulse duration. 

[0035] In another embodiment, as shown, for example, in Figure 2B, the sensor 
output 170 may be connected to the gate of an N Channel FET 210. The source of the N 
Channel FET 210 may be connected to ground 160. The drain of the N Channel FET 210 
may be connected to monitor circuit ground 240. A battery 220 may provide a voltage 
differential between monitor circuit power 230 and ground 160. Additionally, a monitor 
circuit power latch 250 may be connected through a diode 110 to the gate of the N Channel 
FET 210. Thus, the high pulse from sensor output 170 may indirectly activate the monitor 
circuit power latch 250, enabling the circuit to latch power beyond the duration of the pulse. 

[0036] Figures 3 A, 3B, and 3C provide three examples of power switching 
application of the present invention: a single pulse diagram in Figure 3A, an active-high 
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power latching diagram in Figure 3B, and an active-low diagram in Figure 3C. In one 
embodiment, as shown, for example, in Figure 3 A, the sensor output 170 may be connected 
to the gate of an N Channel FET 210. The source of the N Channel FET 210 may be 
connected to ground 160. The drain of the N Channel FET 210 may be connected to a 
resistor 310 and the gate of a P Channel FET 320. The resistor 310 may be connected to the 
source of the P Channel FET 320. The source of the P Channel FET 320 may also be 
connected to a battery 220 which may, in turn, be connected to ground 160. The drain of the 
P Channel FET 320 may be connected to monitor circuit power 230. Thus, a sensor high 
pulse may apply monitor circuit power 230 for the pulse duration. 

[0037] In another embodiment, as shown, for example, in Figure 3B, the sensor 
output 170 may be connected to the gate of an N Channel FET 210. The source of the N 
Channel FET 210 may be connected to ground 160. The drain of the N Channel FET 210 
may be connected to a resistor 310 and the gate of a P Channel FET 320. The resistor 310 
may be connected to the source of the P Channel FET 320. The source of the P Channel FET 
320 may also be connected to a battery 220 which may, in turn, be connected to ground 160. 
The drain of the P Channel FET 320 may be connected to monitor circuit power 230. Thus, a 
sensor high pulse may apply monitor circuit power 230 for the pulse duration. Additionally, 
a monitor circuit power latch 250 may be connected through a diode 1 10 to the gate of the N 
Channel FET 210. Thus, the high pulse from sensor output 170 may indirectly activate the 
monitor circuit power latch 250, enabling the circuit to latch power beyond the duration of 
the pulse. 

[0038] In another embodiment, as shown, for example, in Figure 3C, the sensor 
output 170 may be connected to the gate of an N Channel FET 210. The source of the N 
Channel FET 210 may be connected to ground 160. The drain of the N Channel FET 210 
may be connected to a resistor 310 and the gate of a P Channel FET 320. The resistor 310 
may be connected to the source of the P Channel FET 320. The source of the P Channel FET 
320 may also be connected to a battery 220 which may, in turn, be connected to ground 160. 
The drain of the P Channel FET 320 may be connected to monitor circuit power 230. Thus, a 
sensor high pulse may apply monitor circuit power 230 for the pulse duration. Additionally, 
a monitor circuit power latch 250 may be connected to the gate of the P Channel FET 320. 
Thus, the high pulse from sensor output 170 may indirectly activate the monitor circuit power 
latch 250, enabling the circuit to latch power beyond the duration of the pulse. 



9 



[0039] Figures 4A and 4B provide two examples of relay power switching 
applications of the present invention: a single pulse diagram in Figure 4A, and a latched 
power diagram in Figure 4B. In one embodiment, as shown, for example, in Figure 4A, a 
sensor output 170 may be attached to a relay 410 at pin one. A resistor 310 may be 
connected between the relay 410 at pin two and ground 160. A battery 220 may be connected 
between the relay 410 at pin three and ground 160. The relay 410 at pin five may remain 
open. The relay 410 at pin four may be connected to monitor circuit power 230. Thus, a 
sensor high pulse may apply the monitor circuit power for the pulse duration. 

[0040] In another embodiment, as shown, for example, in Figure 4B, a sensor output 
170 may be attached to a relay 410 at pin one. A resistor 310 may be connected between the 
relay 410 at pin two and ground 160. A battery 220 may be connected between the relay 410 
at pin three and ground 160. The relay 410 at pin five may remain open. The relay 410 at 
pin four may be connected to monitor circuit power 230. Additionally, a monitor circuit 
power latch 250 may be connected via a diode 1 10 to the relay 410 at pin one. Thus, a sensor 
high pulse may apply the monitor circuit power for the pulse duration. Thus, the high pulse 
from sensor output 170 may indirectly activate the monitor circuit power latch 250, enabling 
the circuit to latch power beyond the duration of the pulse. 

[0041] Figures 5A and 5B provide two examples of motion sensing with the sensor 
mounted on the object of interest: a window example in Figure 5A and a door example in 
Figure 5B. In one embodiment, as shown, for example, in Figure 5A, the sensor 510 may be 
mounted on a portion of the window 520. In one embodiment, the sensor 510 may be 
disguised as a sticker that is advertising a security company. In another example, the sensor 
510 may be placed on an opaque portion of the window 520. 

[0042] In another embodiment, as shown, for example, in Figure 5B, a sensor 510 
may be placed on a door 530. The sensor 510 may, for example, be attached by means of an 
adhesive. The sensor 510 may be placed on a portion of the door 530 that is particularly 
likely to move in the event that there is an attempt made to open or shut the door 530. 

[0043] Figure 6 is an example of a sensor 510 that is pre-loaded by being placed 
beneath an object of interest: in this case, a diamond 610. The sensor 510 may initially be 
placed on the surface of, for example, a pedestal 620. In this embodiment, if the diamond 
610 is lifted from the pedestal 620, the sensor 510 will provide an output. 

[0044] Figures 7 A, 7B, and 7C are drawings of a five-element stack. Figure 7 A 
corresponds to a top view of a five-element stack. Figure 7B corresponds to a bottom view of 
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a five-element stack. Finally, Figure 7C shows the application of force though a force 
application center 720 in view that superimposes top and bottom views. This embodiment, 
for example, converts ambient mechanical energy. A single PVDF film may be sectioned 
into five segments of increasing lengths as shown. These segments (or elements) 711, 712, 
713, 714, and 715 (which may correspond to particular segments of piezoelectric material 
130 in Figure 1) may be ordered from smallest to largest as depicted. Elements may be 
created in different sizes to provide specifically higher voltages as the film size increases for 
an evenly applied force across the PVDF film. This permits the stack to obtain a positive 
charge from top to bottom (for example, from the sensor output 170 to ground 160 in circuit 
diagram, Figure 1). Capacitors 140 (as shown in Figure 1) may preferably be matched in size 
to the specific capacitance value of the PVDF element with which they are paired. They may 
be paired via rectification bridges - shown as 120 in the circuit diagram. These rectification 
bridges 120 (as shown in Figure 1) may preferably be full-wave rectification bridges, but may 
alternatively be half-wave bridges. One advantage of full-wave bridges may be the ability to 
capture energy of both polarities. Such a matched pairing may permit maximum charge 
transfer from the film. Essentially, the charge transfer may preferably allow the maximum 
voltage generated on the PVDF film, minus two diode forward voltage drops, to be collected 
on the associated capacitor. 

[0045] A preferred rectification block, for use with the present invention, is a full 
wave rectifier as this allows voltages lower in the stack to appear on both surfaces of 
elements higher in the stack. This configuration may also help, for example, in preventing or 
diminishing the effect of individual segments of piezoelectric material 130 that may convert 
applied voltage on one side to mechanical motion within the film in a direction contrary to 
applied force. 

[0046] Force may be applied to the film of an embodiment of the present invention 
roughly perpendicular to the top surface at the center of the film, along the force line in the 
drawing, via an attached mass. For any applied force, a voltage may be generated across 
each piezoelectric element inversely proportional to the size of the element. 

[0047] Figures 7 A, 7B, and 7C are an embodiment of the present invention in which 
the five elements are in a single film. In, for example, rectangular areas, such as the areas for 
segments 711, 712, 713, 714, and 715, the elements may be defined by the application of 
silver ink. Care may be taken in the definition of the areas to avert the creation of parasitic 
capacitances, by controlling the geometry of the application. 
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[0048] Figures 8A and 8B are depictions of an embodiment of the present invention 
that employs a piezoelectric element 150 in a rotational setting. As such an embodiment 
rotates, the gravitational force on the piezoelectric element 150 changes through 360 degrees 
of rotation. In a situation in which gravitational attraction is 1 G, the force (in the 
longitudinal direction) on the element (due to gravity) will vary between 1G (as seen in 
Figure 8B) and -1G (as seen in Figure 8A) over the course of the rotation. 

[0049] Figure 9 is a graph of voltages output from an embodiment of the present 
invention including a PVDF film and stack capacitors. The voltages, in this example, are 
generated by a PVDF film and stored in five stack capacitors by percentage of total output. 
This percentage may be based on the ratio of film element capacitance to total element 
capacitance using the element sizing depicted in, for example, Figures 7A - 7C. If a circuit 
such as the one shown in Figure 1 is employed, the voltages across the individual capacitors 
140 may vary as shown in corresponding proportional voltages (931, 932, 933, 934, and 935) 
depicted as waveforms. In this example, the proportional voltage 931 of the capacitor 140 
connected to sensor output 170 is 25.7% of the total output voltage 936 (also depicted as a 
waveform). Similarly, the proportional voltage 935 of the capacitor 140 connected to ground 
160 is 14.3% of total voltage 936. 

[0050] Other embodiments of the invention will be apparent to those skilled in the art 
from consideration of the specification and the practice of the invention disclosed herein. It 
is intended that the specification and examples be considered as exemplary only, with a true 
scope and spirit of the invention being indicated by the following claims. 
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